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APPEAL BRIEF 

Sir: 

This is an appeal from the final rejection of claims 1, 3-13, 15-20, 22-26 and 29-30 in the 
Office Action mailed April 10, 2008, in the above-identified patent application. A Notice of 
Appeal and the fee for filing a notice of appeal was previously filed on August 28, 2006. The 
Commissioner was authorized to charge the fee for filing an Appeal Brief for a large entity, to 
Deposit Account No. 50-3129, in the Appeal Brief filed on December 28, 2006. It is believed 
that no fee is required with this submission. However, should a fee be required, the 
Commissioner is hereby authorized to charge the fee to Deposit Account No. 50-3129. 

This Appeal Brief is being filed in the absence of any action on the Response filed July 
10, 2008, in the above-identified application, based on the statement by the examiner that an 
advisory action would eventually be mailed. Reinstatement of the Appeal was requested in the 
Response filed July 10, 2008. 
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(1) REAL PARTY IN INTEREST 

The real party in interest of this application is Metabolix, Inc., the assignee of record. 

(2) RELATED APPEALS AND INTERFERENCES 

There are no related appeals or interferences known to the appellant, the undersigned, or 
appellant's assignee which directly affects, which would be directly affected by, or which would 
have a bearing on the Board's decision in this appeal. 

(3) STATUS OF CLAIMS ON APPEAL 

Claims 1, 3-13, 15-20, 22-26, 29 and 30 are pending and on appeal. Claims 2, 14, 21, 27 
and 28 have been cancelled. Claim 6 is objected to for being a duplicate of claim 5. The text of 
each claim on appeal, as pending, is set forth in an Appendix to this Appeal Brief. 

(4) STATUS OF AMENDMENTS 

Claims 1,3-13, 15-20, 22-26, 29 and 30 were last amended in the Amendment and 
Response filed on March 20, 2006. Claims 27 and 28 were cancelled in the Response to 
Restriction Requirement filed on October 21, 2004. Claims 2, 14 and 21 were cancelled, and 
new claim 30 added, in the Amendment and Response filed on November 30, 2005. 

(5) SUMMARY OF THE CLAIMED SUBJECT MATTER 

Independent claim 1 defines a genetically engineered bacteria or plants producing 
polyhydroxyalkanoate (PHA), the improvement comprising 

providing the organism with a transgene encoding an enzyme having the catalytic activity 
of 3-hydroxyacyl-ACP thioesterase and one or more transgenes encoding enzymes having the 
catalytic activity of acyl-CoA synthetase or acyl CoA transferase so that medium chain length 
PHA accumulates through the fatty acid biosynthesis pathway (page 3, lines 20-23). 
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Independent claim 13 defines a method of engineering a PHA biosynthetic pathway in a 
transgenic organism selected from the group consisting of bacteria and plants which produce 
polyhydroxyalkanoate (PHA), 

the improvement comprising providing the organism with one or more constructs 
comprising a transgene encoding an enzyme having the catalytic activity of 3-hydroxyacyl-ACP 
thioesterase and one or more transgenes encoding enzymes having the catalytic activity of acyl- 
CoA synthetase or acyl CoA transferase so that medium chain length PHA accumulates through 
the fatty acid biosynthesis pathway (pages 8-10). 

Independent claim 20 defines a method of making medium chain length PHA comprising 
growing a transgenic bacteria or plant producing PHA and expressing a transgene encoding an 
enzyme having the catalytic activity of 3-hydroxyacyl-ACP thioesterase and expressing one or 
more transgenes encoding enzymes having the catalytic activity of acyl-CoA synthetase or acyl 
CoA transferase, with substrates for fatty acid biosynthesis (pages 8-10). 

The organism expresses a tansgene alk K encoding an acyl-CoA synthetase as defined by 
claim 4 (page 9, lines 1-6). The acyl-CoA synthesis as defined by claims 3, 15 and 22, is 3- 
hydroxyacyl-CoA synthetase, and by claims 5 and 6, a heterologous 3-hydroxyacyl-CoA 
synthetase (page 4, lines 13-18; page 7, lines 3-19), and with enhanced expression (claim 7). 
The organism can be a plant cell, tissue of whole plant (claims 8, 17, 18, and 19) or bacteria 
(claims 10 and 19) expressing a 3-hydroxyacyl-ACP thioesterase, medium chain length PHA 
synthase, and/or medium chain length 3-hydroxy fatty acid acyl CoA synthase (claim 8 and 10), 
or a 3-hydroxyacyl-ACP thioesterase, medium chain length PHA synthase, and/or medium chain 
length 3-hydroxy fatty acid acyl CoA synthase (claims 18 and 19) and 16, defining the method of 
claim 15, and 23, 24 and 25, defining the method of claim 20, wherein the organism further 
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expresses a PHA synthase (page 10, lines 21-26). The plant or plant cell can express marker 
genes, as defined by claim 9. The transgene can be targeted to a tissue or organelle such as 
seeds, leaf, plastids and peroxisomes, as defined by claim 1 1 (page 11, line 1 3 until page 14, line 
4) Claim 12 is where the organism is E. coli and PHA accumulates in the bacteria. 

(6) GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 
The issues present on appeal are: 

(i) whether claims 1, 3-9, 1 1 and 13-26 are anticipated under 35 U.S.C. § 102(a) by 
Poirier, et al., Plant Physiol, 121:1359-66 (1999) ("Poirier"). 

(ii) whether claims 1, 3-13, 15-20, 22-26, 29 and 30 are obvious under 35 U.S.C. § 103(a) 
over Poirier, in view of U.S. Patent No. 5,750,848 to Kruger, et al., ("Kruger"). 

(iii) whether claims 1, 3-13, 15-20, 22-26, 29 and 30 are obvious under 35 U.S.C. § 
103(a) in view of U.S. Patent No. 5,750,848 to Kruger, et al, ("Kruger"). 

(7) ARGUMENTS 
(a) The Claims 

Polyhydroxyalkanoates (PHAs) are natural, thermoplastic polyesters and can be 
processed by traditional polymer techniques for use in an enormous variety of applications, 
including consumer packaging, disposable diaper linings and garbage bags, food and medical 
products. Several factors are critical for economic biological production of PHAs, including 
substrate costs, fermentation time, and efficiency of downstream processing. 

The enzymes in the PHA biosynthetic pathway occurring naturally in A. eutrophus and 
certain other bacteria have been elucidated. The final step in making the polymer utilizes a PHA 
synthase, encoded by phaC, that catalyzes the polymerization of intermediates to PHA. PHA 
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synthases have different substrate specificities with respect to carbon chain length, however, 
PHA synthases are known to utilize 3-hydroxy-acyl CoA intermediates as substrates. 

Appellants have discovered a novel way to produce medium chain length PHAs in 
organisms that do not naturally produce them, via the fatty acid biosynthetic route, using an acyl- 
ACP-CoA transferase, encoded by the phaG gene. Attempts in the prior art to produce medium 
chain length PHAs by transforming E. coli with a gene encoding acyl-Co A transferase and PHA 
synthetase have been unsuccessful. Appellants discovered that acyl~CoA transferase under the 
conditions described in the prior art was functioning as a thioesterase and so was not directly 
providing the 3-hydroxy fatty acid substrates required by the PHA synthase. Appellants show 
the successful production of medium chain length PHAs by transforming organisms to express 3- 
hydroxyacyl-ACP thioesterase and one or more transgenes encoding enzymes having the 
catalytic activity of acyl-Co A synthetase or acyl CoA transferase so that medium chain length 
PHA accumulates through the fatty acid biosynthesis pathway. None of the prior art recognized 
the need to provide the acyi-ACP-CoA transferase in combination with an acyl-CoA synthetase 
or acyl CoA transferase in order to produce PHAs. One of skill in the art could neither have 
arrived at, nor predicted the successful manufacture and use of, the claimed subject matter from 
the prior art. 

(b) Rejection of claims 1, 3-9, 11 and 13-26 under 35 U.S.C. §102(a) 
III. ARGUMENTS 

(a) The Claimed Invention 

None of the cited references either anticipate or make obvious the claimed subject matter. 
This is because the claims and each of the references utilize different metabolic pathways. Due 
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to the complexity of the metabolic pathways involved in the specification and the two cited 
references, Apellants feel that an explanation of these pathways may be helpful 
The Metabolic Pathways 

The enzymes in the polyhydroxyalkanoate (PHA) biosynthetic pathway occurring 
naturally in R. eutropha and Pseudomonads are described on page 1, line 22 to page 2, line 4 of 
the present application. Specifically, the native pathway in R. eutropha typically involves: 
the conversion of acyl-CoA to acetoacyl-CoA by the action of a beta-ketothiolase enzyme (such 
as the enzyme encoded by the gene phaA), then 

the conversion of acetoacyl-Co A to a R-3 -hydroxy acyl-Co A by the action of an acetoacyl-CoA 
reductase (such as the enzyme encoded by the gznephaB), then 

production of the PHA polymer utilizing a PHA synthase enzyme (such as the enzyme encoded 
by the gene phaQ, which catalyzes the polymerization of the intermediate R-3-hydroxyacid- 
CoA to form PHA. 

This is shown as follows: 



(Diagram A) 
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In this native pathway, the precise monomer composition of the PHA is dictated 
predominantly by the specific identity of the R-3-hydroxyacyl-CoA that is provided by the 
metabolic pathway in the organism (for example, in the above scheme, the PHA would be poly- 
(3-hydroxybutyrate)). PHA synthases are known to utilize R- 3 -hydroxy acyl CoA intermediates 
as substrates, but have different substrate specificities with respect to carbon chain length of the 
R-3 -hydroxy acyl CoA. 

The fatty acid biosynthetic pathway is capable of producing R-3 -hydroxyacy \-A CP 
molecules ("ACP" is acyl carrier protein) as intermediates. However, the enzyme PHA synthase 
{phaQ cannot use R-3-hydroxyacyl-ACP as a substrate to make PHA. PHA synthase can only 
utilise R-hydroxyacyl-CM ("CoA" is Coenzyme A) as a substrate. 

Thus, the ACP intermediates of the fatty acid biosynthesis pathway could be made 
available for medium chain length PHA production, if Hie pathway could be engineered to 
include one or more metabolic steps that swap ACP for CoA on medium chain length R-3- 
hydroxyacyl-ACP molecules. The ACP intermediates must be converted to the CoA form in 
order to be acceptable substrates for PHA synthases. 

The present application discloses a new way to produce medium chain length PH As in 
organisms that do not naturally produce them, by tapping into the fatty acid biosynthetic route to 
obtain R-3-hydroxyacyl-CoA substrates for incorporation into PHA polymers. In other words, 
the specification discloses a new system and method of providing R-3 -hydroxy acyl-Co A 
substrate that is independent of the naturally occurring phaA- and pAoB-encoded metabolic 
pathway, and which leads to the production of medium chain length PHAs. 

As disclosed in the specification, this was accomplished by using organisms selected and 
engineered to express: 



45071033vl 



7 



MBX04S 
077832/00140 



U.S.S.N: 09/991,152 
Filed: November 16,2001 
SUBSTITUTE APPEAL BRIEF 

an enzyme with 3 -hydroxy acyl-ACP thioesterase activity, such as that encoded by the 
PhaG gene, to convert R-3-hydroxyacyl-ACP into free R-3-hydroxyacid, and 

an enzyme that has either an acyl-CoA synthetase OR an acyl-CoA transferase, either of 
which has activity to convert free R-3-hydroxyacid to R-3 -hydroxy acyl-Co A. 

The R-3-hydroxyacyl-CoA can then be used as a substrate by a PHA synthase enzyme to 
produce PHA polymer. This can be represented in the following diagram as: 

(Diagram B) 

Baity afcyfciesynitiesis 

PtoS 
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In effect, the pathway disclosed in the specification (shown below on right) intersects 
with the naturally-occurring R, eutropha pathway (shown on left): 
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(Diagram C) 
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As shown above, these two pathways use different initial substrates, and different 
pathways, to make PHA. Accordingly, the organisms must express different enzymes to utilize 
the pathway on the right, than are required for the pathway on the left. An organism that utilizes 
the pathway on the left would not inherently also be capable of possessing or being able to utilize 
the pathway on the right. 

The enzyme PhaG was previously suggested to be useful in linking fatty acid 
biosynthesis to PHA production (see specification, page 2, line 24 to age 3, line 19), but only on 
the basis that it acted as an acyl-ACP CoA transferase. In other words, the prior art (including 
the Kruger reference cited by the examiner) suggested that PhaG was capable of directly 
converting R-3 -hydroxy acyl-ACP into R-3-hydroxyacyl-CoA in a single step. However, as 
discussed at page 3, lines 8-14 of the present application, previous attempts to produce medium 
chain length PHAs by transforming E. coli with a gene encoding acyl-ACP-CoA transferase and 
medium chain length PHA synthetase were unsuccessful. 
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As disclosed in the present specification at page 3, line 27 to page 4, line 1, PhaG was 
found to found to function as a thioesterase rather than as an acyl- ACP-Co A transferase and so 
was not directly providing the 3-hydroxyacyl-CoA substrates required by the PHA synthase. 

In other words, Apellants have shown that the PhaG enzyme alone is not capable of 
providing R-3-hydroxyacyl-CoA for the production of PHA from the fatty acid biosynthesis 
intermediate R-3-hydroxyacyl-ACP. Rather, an additional enzymatic step is required, that is, the 
provision of an acyl-CoA synthetase or acyl-CoA transferase enzyme that converts free R-3- 
hydroxyacid into R-3-hydroxyacyl-CoA. 

The present specification discloses that the successful production of medium chain length 
PHAs from intermediates of the fatty acid biosynthetic pathway can be achieved by transforming 
organisms to express an enzyme having 3-hydroxyacyl-ACP thioesterase activity (e.g., PhaG) 
and one or more transgenes encoding enzymes having the catalytic activity of acyl-CoA 
synthetase or acyl CoA transferase, so that medium chain length PHA accumulates through the 
fatty acid biosynthesis pathway. PhaG alone cannot produce PHA from R-3-hydroxyacyl-ACP. 

None of the cited art recognized the need to provide PhaG in combination with an acyl- 
CoA synthetase or acyl CoA transferase in order to produce PHAs, because there was no 
previous recognition that PhaG functions as a thioesterase. 

(b) Rejection of claims 1, 3-9, 11 and 13-26 under 35 U.S.C. §102(a) 
Claims 1, 3-9, 1 1 and 13-26 were rejected under 35 U.S.C. § 102(a) as anticipated by 
Poirier et al Plant Physiology 121:1359-1366, 1999; "Pokier". 
Legal Standard 

For a rejection of claims to be properly founded under 35 U.S.C. § 102, it must be 
established that a prior art reference discloses each and every element of the claims. Hybritech 
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Inc. v Monoclonal Antibodies Inc., 231 U.S.P.Q. 81 (Fed. Cir. 1986); Scripps Clinic & Research 
Foundv. Genentechlnc, 18 U.S.P.Q.2d 1001 (Fed. Cir. 1991). 
The Federal Circuit held in Scripps, 18 USPQ2d at 1010: 

Invalidity for anticipation requires that all of the elements and limitations of the claim are 
found within a single prior art reference. There must be no difference between the claimed 
invention and the reference disclosure, as viewed by a person of ordinary skill in the field of the 
invention. (Emphasis added) 

A reference that fails to disclose even one limitation will not be found to anticipate, even 
if the missing limitation could be discoverable through further experimentation. As the Federal 
Circuit held in Scripps, Id, : 

[A] finding of anticipation requires that all aspects of the claimed invention were already 
described in a single reference: a finding that is not supportable if it is necessary to prove facts 
beyond those disclosed in the reference in order to meet the claim limitations. The role of 
extrinsic evidence is to educate the decision-maker to what the reference meant to persons of 
ordinary skill in the field of the invention, not to fill in the gaps in the reference. 

"A claim limitation is inherent in the prior art if it is necessarily present in the prior art, 
not merely probably or possibly present." Akamai Technologies, Inc. v. Cable & Wireless 
Internet Services, Inc., 344 F.3d 1186, 1192, 68 USPQ2d 1186 (Fed. Cir. 2003). 
Analysis 

Poirier discloses the production of medium chain-length polyhydroxyalkanoates from 
intermediates of beta-oxidation of fatty acids, in order to study fatty acid degradation in 
developing seeds of Arabidopsis (Abstract). The authors created several constructs containing 
the PhaCI gene (which encodes a PHA synthase enzyme), under the control of several different 
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promoters. One construct was also made which included the PHA synthase gene and the FatB3 
gene, which encodes a medium chain length acyl-ACP-thioesterase. 

The Poirier reference produces medium chain-length polyhydroxyalkanoates from 
intermediates from fatty acid beta-oxidation. Fatty acid beta-oxidation degrades fatty acids. 

The present application produces medium chain-length polyhydroxyalkanoates from 
intermediates from fatty acid biosynthesis. Fatty acid biosynthesis builds and elongates fatty 
acid chains. 

The two are very different pathways, and are not mirror-image reversals of each other. 
They involve different enzymes and steps. 

The beta-oxidation fatty acid degradation cycle acts on long-chain fatty acids, and 
through four steps, removes two carbons in the form of an acetyl-CoA. The fatty acid, now two 
carbons shorter, goes through the cycle again, which produces another two-carbon acetyl-CoA 
and a fatty acid chain reduced by those two carbons. The cycle is repeated until the fatty acid is 
completely degraded to acetyl-CoA. This is shown in Diagram D below. 

During the cycle, S-3-hydroxyacyl-CoA is produced as an intermediate. This molecule 
can be diverted to make medium chain-length polyhydroxyalkanoate ifm epimerase is provided 
to convert the S-3 -hydroxy acyl-Co A to R-3-hydroxyacyl-CoA. PHA synthase can only act upon 
R-3-hydroxyacyl-CoA. 
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(Diagram D) 



The claimed subject matter does not involve the beta-oxidation pathway. Instead, it uses 
a product of the fatty acid biosynthesis pathway as its raw material. 

In contrast to the beta-oxidation pathway, fatty acid biosynthesis builds and elongates 
fatty acid chains. During this elongation cycle, R~3-hydroxyacyl-ACP is made. PHA synthase 
cannot act on this molecule, and so the R-3 -hydroxy acyl~4CP must be converted to R-3- 
hydroxyacyl-Co;!. This is accomplished by a two-step process (see Diagram B, above). First, a 
thioesterase, e.g., R-3 -hydroxy acyl-ACP thioesterase, converts the R-3-hydroxyacyl-ACP to an 
R-3 hydroxyacid. This molecule must then be converted to R-3-hydroxyacyl-CoA by either a 
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synthetase (e.g., acyl-CoA-synthetase) or a transferase {e.g., acyl-CoA-transferase). Once the 
conversion to R-3-hydroxyacyl-CoA has occurred, a PHA synthase can act on this substrate, and 
convert it to PHA. 

The Examiner's states that Apellants "assert" that the production of medium chain length 
PHA from intermediates of fatty acid beta-oxidation instead of from intermediates of fatty acid 
biosynthesis are very different pathways involving different enzymes and steps. This is not an 
assertion but fact. Evidence is presented in the application as filed and in the prior art cited by 
both parties in support of these statements. The Examiner has provided no evidence to the 
contrary. Therefore any analysis of the claims under 102 or under 103 from proceed from this 
basis. In fact there are differences in (1) the enzymes, (2) the substrates which are provided to 
the organisms, and (3) the substrates which are produced by the enzymes during the process. 
These differences are both explicit and inherent in the disclosed and claimed subject matter as 
well as the prior art. 

Porier does not disclose each and every element of the claims. 

The claims define a genetically engineered organism selected from the group consisting 
of bacteria and plants producing polyhydroxyalkanoate (PHA), the improvement comprising 

providing the organism with 

(1) a transgene encoding an enzyme having the catalytic activity of 3-hydroxyacyl- 
ACP thioesterase and 

(2) one or more transgenes encoding enzymes having the catalytic activity of acyl-CoA 
synthetase or acyl CoA transferase 

so that medium chain length accumulates through the fatty acid biosynthesis 
pathway. 
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Porier discloses plant transformation for PHA synthesis using a PhaCi synthase gene 
from Pseudomonas aeruginosa and the Cuphea lanceolata FATB3 gene, encoding a medium- 
chain length acyl-ACP thioesterase (Poirier, page 1360, right col.). The genetically engineered 
organism disclosed in Poirier is different from the organisms defined by the claims in at least two 
respects: 

(i) the plants in Poirier do not contain a transgene encoding an enzyme having the 
catalytic activity of 3-hydroxyacyl-ACP thioesterase and 

(ii) the plants in Poirier do not contain a transgene encoding enzymes having the 
catalytic activity of an acyl-CoA synthetase or acyl CoA transferase. 

The Examiner stated that the claimed genetically engineered organism comprising coding 
sequences for a PHA synthase and a medium chain length acyl-ACP -thioesterase that uses an 
intermediate from the fatty acid biosynthetic pathway would not be distinguishable from a 
genetically engineered organism comprising coding sequences for a PHA synthase coding 
sequence and a medium chain length acyl-ACP -thioesterase that uses an intermediate from the 
fatty acid degradation pathway produced by beta oxidation. This is not correct. The Examiner 
has ignored the limitation that the claimed organisms also have a transgene encoding 
enzymes with the catalytic activity of acyl-CoA synthetase or acyl CoA transferase. 

Furthermore, the claimed organisms have a transgene encoding an enzyme having the 
catalytic activity of 3-hydroxyacyl-ACP thioesterase. The claimed organisms do not merely 
comprise a medium chain length acyl- ACP-thioesterase as stated by the Examiner, the 
thioesterase has 3-hydroxyacyl-ACPthioesterase activity. The distinction lies in the fact that the 
medium chain length acyl-ACP thioesterase employed in Porier is an enzyme that takes part in 
terminating fatty acid biosynthesis, therefore, releasing free fatty acids from ACP [see discussion 
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of Poirier in Yves Poirier, Progress Lipid Res. 41:131-155 (2002) ("Yves"; see especially page 
150, 3.3.3 under "Studies on Futile Cycling of Fatty Acids)]. According to Yves, previous 
studies using lauroyl-ACP thioesterase (utilized in Poirier), indicated that expression of a 
thioesterase might be a way of increasing the carbon flux toward (5-oxidation and peroxisomal 
PHA synthesis (see Yves, Figure 6). Figure 6 in Yves shows the release of fatty acids from the 
fatty acid synthesis pathway, which are then channeled through the peroxisomal p-oxidation 
pathway to eventually obtain the R-3 -hydroxy ~acyl-Co A substrate for PHA synthase. Yves 
further states that the relationship between fatty acid futile cycling and peroxisomal PHA 
synthesis extends to developing seed, citing to the studies by Poirier (see Yves, page 150, 3.3.3, 
last para.). Thus, lauroyl-ACP thioesterase (medium chain length acyl-ACP thioesterase) 
employed in Poirier releases free fatty acids which undergo additional reactions (postulated in 
Yves figure 6) to produce 3-hydroxyacyl-CoA. 

In contrast, the claimed organisms contain a transgene encoding an enzyme capable of 
directly converting 3-hydroxy-acyl-ACP to 3-hydroxyacyl-CoA. The Examiner has provided no 
evidence that lauroyl-ACP thioesterase possesses this activity. Even if they did, the organisms 
are still different because the claims require that the organism additionally comprise a transgene 
encoding an acyl-CoA transferase/synthetase activity. This is not disclosed in Poirier. 

The Examiner also stated (office action, page 3, 2nd para.) that the acyl-CoA synthetase 
that polymerizes the 3-hydroxyacyl-CoA intermediates would be a hydroxyacyl-CoA synthetase, 
and since Apellants have used PHA synthase and PHA synthetase interchangeably, the particular 
name of the transgene such as alkK, does not distinguish it from others having the same activity. 
Apellants are unclear as to the Examiner's point here, since acyl-CoA synthetase does not 
polymerize 3-hydroxyacyl-CoA intermediates; PHA synthase (also known in the art as PHA 
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synthetase or PHA polymerase) does. Acyl-CoA synthetase (such as alkK) catalyzes the transfer 
of the CoA moiety from CoA-SH to acyl groups. Pokier does not disclose transforming an 
organism with acyl-CoA synthetase or acyl CoA transferase. 
Clams 3 and 4- 6 are novel over Poirier 

In addition to the arguments above with respect to claim 1, Poirier does not disclose 
providing an organism with a transgene encoding any acyl-CoA synthetase, even less so a 3- 
hydroxyacyl-CoA synthetase or the alk gene. Therefore, claims 3 and 4-6 are novel over Poirier. 

Claims 13 and 15 are novel over Poirier 

Poirier does not disclose providing a construct comprising a transgene encoding the 
catalytic activity of acyl CoA-synthetase or acyl CoA transferase as required by the claims. 
Therefore, claims 13 and 15 are novel over Poirier. 

Claims 1 6-18 are novel over Poirier 

Claims 1648 depend from claim 13 and additionally require the construct further 
comprise a transgene encoding a PHA synthase. Poirier does not disclose a method of providing 
an organism with gene constructs having three enzyme activities. Therefore, claims 16-18 are 
novel over Poirier. 

Claims 20 and 23-25 are novel over Poirier 

Poirier does not disclose a method of making medium chain length PHA as claimed, that 
requires growing an organism producing PHA and expressing a transgene encoding an enzyme 
having the catalytic activity of 3 -hydroxy 1-ACP thioesterase and expressing one or more 
transgenes encoding enzymes having the catalytic activity of acyl-CoA synthetase or acyl CoA 
transferase. Therefore, claims 20, and 23-25 are novel over Poirier. 
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Claims 22 and 24 are novel over Poirier 

Claims 22 and 24 depend on claim 20 and specifically define the acyl-CoA synthetase as 
3-hydroxyacyl-CoA synthetase. Poirier does not disclose a method for making medium chain 
length PHA that involves providing any acyl-CoA synthetase, even less so a 3-hydroxyacyl-CoA 
synthetase. Therefore, claims 22 and 24 are novel over Poirier. 

Claim 26 is novel over Poirier 

Poirier does not disclose a method of making PHA in bacteria as admitted by the 
Examiner (page 4 of Examiner's Answer mailed on 10/18/07). Therefore, claim 26 is novel over 
Poirier. 

(c) Rejection of Claims 1, 3-13, 15-20, 22-26, 29 and 30 as obvious under 35 
TJ.S.C. §103(a) over Poirier in view of U.S. Patent No. 5,750,848 to Kruger 

Rejection of Claims 1, 3-13, 15-20, 22-26, 29 and 30 as obvious under 35 
U.S.C. §103(a) over U.S. Patent No. 5,750,848 to "Kruger". 

Legal Standard 

The starting point for any such analysis must be the Supreme Court's decision in KSR 
International Co. v. Teleflex, Inc. 127 S. Ct 1739 (2007), which refocuses the determination of 
whether a claimed invention is obvious back to the process the Court had defined in Graham v. 
John Deere Co. of Kansas City, 383 U.S. 1,17-18 (1966). The Court held that the obviousness 
determination should address four factors, all of which must be considered, though not in any 
prescribed order: (1) the scope and content of the prior art; (2) the level of ordinary skill in the 
art; (3) the differences between the claimed invention and the prior art; and (4) any secondary 
considerations suggesting nonobviousness, such as commercial success, failure of others, and 
long felt but unmet need. Id. The Court cautioned that the fact finder should be careful about 
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reading the teachings of the invention at issue into the prior art, to avoid applying inappropriate 
hindsight, ex post reasoning. Id. at 36. 

In the chemical arts, where compounds are so similar as to create an expectation that the 
claimed new compound would have similar properties as the prior art compounds, the Federal 
Circuit also has upheld a finding that the claimed invention is not patentable. Aventis Pharma 
DeutschlandGmbHv. Lupin, Ltd., 499 F.3d 1293, 1301 (Fed. Cir. 2007). However, when the 
prior art disclosed a broad selection of compounds that might have been potential candidates for 
further investigation, the lack of sufficient guidance and predictability to select the compound at 
issue supported a finding of nonobviousness. Takeda Chem. Indus. Ltd. v. Alphapharm Pty„ 
Ltd., 492 F.3d 1350, 1359-60 (Fed. Cir. 2007), petition for cert, filed, 76 U.S.L.W. 3374 (U.S. 
Dec. 20, 2007) (No. 07-838); see also In re Sullivan, 498 F.3d 1345 (Fed. Cir. 2007) (remanding 
to the Board, noting that despite close similarity of the claimed invention and prior art, rebuttal 
evidence to which the Board gave inadequate consideration showed unexpected results, a 
teaching away from appellant's invention and a long felt but unmet need). 

Even where the prior art suggests or motivates an inventor to develop the composition or 
process at issue, the Federal Circuit continues to recognize that there is a critical question under 
35 U.S.C. § 103 as to whether the combined teachings of the prior art "would have given rise to ; 
reasonable expectation of success" in achieving what is claimed. PharmaStem Therapeutics, 
Inc. v. ViaCell, Inc., 491 F.3d 1342, 1360 (Fed. Cir. 2007), petition for cert, filed, 76 U.S.L.W. 
3393 (U.S. Jan. 2, 2008) (No. 07-888). 
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Analysis 

The scope and contents of the prior art 

Poirier 

Poirier is discussed above. 
Kruger 

Kruger discloses a genomic fragment harboring the PhaG gene, cloned by 
complementation of Pseudomonas putida mutants defective in PHA synthesis via de novo fatty 
acid biosynthesis. According to Kruger, the PhaG gene is useful for the production of PHAs in 
bacteria and plants (Kruger, abstract). 

Kruger proposes a myriad of possible activities for the isolated PhaG (discussed below); 
Col. 3, lines 16-24 suggests, at best, a CoA-ACP acyltransferase activity for PhaG, which 
directly converts acyl-ACP molecules to acyl-CoA molecules. 

Example 10 further notes that transforming organisms with transgenes for just the PhaG 
enzyme and PHA synthase would be sufficient for the production of PHAs. This teaches the 
reader that the PhaG enzyme is capable of directly converting acyl-ACP intermediates to acyl- 
CoA substrates for PHA synthase. 

Kruger speculates on a plethora of possible other activities for PhaG. The reference 
states (see, e.g., col. 5, lines 62-64 and col. 6, lines 2-8) that: 

(i) PhaG may be an R-3 -hydroxy acyl CoA-ACP acyl transferase, catalyzing the conversion of R- 
3-hydroxyacyl-ACP to R-3 -hydroxy acyl CoA; 

(ii) PhaG may be a CoA-ACP acyltransferase with an acyl group specificity other than the 3- 
hydroxy functionality. Referring to Figure 1 in Kruger therefore, PhaG could be 

an acyl-ACP CoA transferase 
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a 3-Ketoacyl-ACP Co A transferase or, 
an enoyl-ACP CoA transferase 

(iii) PhaG may have activity associated with a specific thioesterase (active on any of the acyl- 
ACP forms in Figure 1), in which case the enzyme encoded by PhaG additionally requires a 
ligase. Referring to Figure 1, PhaG could also be 

an acyl-ACP thioesterase, 
a 3-hydroxyacyl-ACP thioesterase, 
a 3-ketoacyl-ACP thioesterase or, 
an enoyl-ACP thioesterase 

(iv) PhaG may have activity associated with a ligase, in which case PhaG additionally requires a 
thioesterase. Referring to Figure 1, therefore, PhaG could be 

a ligase specific for the fatty acid released from acyl-ACP, 
a ligase specific for the fatty acid released from 3-hydroxyacyl-ACP, 
a ligase specific for the fatty acid released from 3-ketoacyl-ACP, 
a ligase specific for the fatty acid released from enoyl-ACP. 

(v) PhaG may be a protein that stabilizes a catalytic protein complex which catalyzes 

the acyl group transfer reaction or, 
thioesterase or 
ligase activity; or 

(vi) PhaG may be a protein that regulates a catalytic protein complex which catalyzes, 

the acyl group transfer reaction or, 
thioesterase or, 
ligase activity. 
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Referring to (i) to (iv) above, PhaG could have any of 12 different enzymatic activities. 
Of note is the fact that, for each of the 12 possible enzymatic activities, the set of additional 
enzymes required to arrive at PHA are different. 

Referring to (v) and (vi) above, PhaG may not be an enzyme at all. It may just stabilize 
any of the four acyltransferases shown in Figure 1, stabilize a thioesterase or ligase; thus PhaG 
may stabilize any of 16 different enzymes. PhaG may also be a regulator, regulating any of the 4 
acyl-acyltransferases, thioesterases or ligases; thus, PhaG may regulate any of 16 different 
enzymes. 

As one of ordinary skill in the art knows from a review of any Molecular Biology Text 
book, the regulation of a protein can occur at the transcriptional level, translational level or post 
translational level. Regulation of protein activity or stabilization of a protein for example, can be 
accomplished by protein-protein interactions (in which case PhaG does not need to be an 
enzyme) or by reversible or irreversible posttranslational enzymatic modifications. See 
summary of different post translational modifications possible retrieved from 
http://en.wikepedia.org/wiki/Post-translationai_raodification on 7/10/2008. Of note is the 
fact that there are numerous ways by which a protein can regulate/stabilize another protein as 
demonstrated by the summary for possibilities of posttranslational modification alone. 
Thus, assigning a regulatory/stabilization role to PhaG when the authors of the papers make 
explicit that they do not know what the enzyme or other molecule represented by PhaG is 
presents an infinite number of possible roles for PhaG with respect to regulating or stabilizing 
the 16 possible enzymes discussed above. 
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However, when the reference is considered as a whole it is clear (particularly from col. 3, 
lines 16-24 and Example 10) that the Kiuger authors considered PhaG to be a 3 -hydroxy acyl- 
ACP-CoA transferase. 

Ascertaining the differences between the prior art and the claims 

Kruger 

Kruger considered alone, does not disclose all of the elements of the claims. 
Although Kruger discloses the expression of PhaG, 

(i) it does not recognize that PhaG acts as a 3-hydroxyacyl-ACP thioesterase; 

(ii) it does not disclose or suggest that a 3-hydroxyacyl-ACP thioesterase 
must be co-expressed with one or more transgenes encoding enzymes having the catalytic 
activity of acyl-CoA synthetase or acyl CoA transferase; and 

(iii) it does not disclose that the claimed system can be used to allow medium 
chain length PHAs accumulate. 

The Examiner is incorrect (office action page 8, 2 nd para.) in stating that Kruger suggests 
that there may be both acyltransferase activity and thioesterase activity associated with PhaG. 
Kruger does not disclose or suggest dual activity for PhaG. 

The Examiner stated that the PhaG sequence that Apellants use is the same as that taught 
by Kruger, which would inherently have 3-hydroxyacyl-ACP thioesterase activity (office action 
page 9, 1 st para.). However, it is the recognition that PhaG has thioesterase activity by the 
Apellants that necessitates the provision of the additional transgenes which provide the necessary 
enzyme activity to make polymer via the claimed pathway. The claimed organisms comprise 
transgenes encoding 3-hydroxyacyl-ACP thioesterase and one or more transgenes encoding 
enzymes having the catalytic activity of acyl-CoA synthetase or acyl CoA transferase. 
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The Examiner also stated that Kruger discloses that PhaG can be used in conjunction 
with other PHA biosynthetic enzymes, and the evidence for non-obviousness should be 
commensurate with the scope of the claims. It appears as though the Examiner is interpreting 
"PHA biosynthetic enzyme" as used in Kruger to mean any enzyme (such as the enzymes 
disclosed in Figure 1) of Kruger that can employed in the making of PHA. This is incorrect. 
Such reasoning would classify the medium chain acyl-thioesterase (a terminal fatty acid 
biosynthetic enzyme) used in Poirier to increase the supply of free fatty acids for PHA 
biosynthesis, a "PHA biosynthetic enzyme". One of ordinary skill in the art would not arrive at 
this conclusion. Furthermore, attention is respectfully drawn to Figure 1 in Kruger, under the 
heading " PHA Biosynthesis " and the pathway disclosed below that heading which includes the 
enzymes p-ketothiolase, 3-ketoacyl-CoA reductase and PHA synthase. Without a definition of 
PHA biosynthetic enzymes in Kruger, it is clear that this would be the enzymes listed under PHA 
Biosynthesis . 

One of ordinary skill in the art would not interpret the phrase "PHA biosynthetic 
enzymes" to be in reference acyl-CoA transferase/synthetase. The Examiner maintained that 
Apellants did not provide a definition of PHA biosynthetic enzymes in the specification that 
would exclude those taught by Kruger. Kruger does not teach acyl-CoA synthetase/transferase 
as a "PHA biosynthetic enzyme". Apellants provided evidence as to which enzymes one of 
ordinary skill in the art would understand are PHA biosynthetic enzymes (See Madison and 
Huisman, Microbiol andMol. Biol. Rev., 63(1 ):2 1-53 (1999) ("Madison" attached to the Appeal 
Brief filed on December 28, 2006)). Apellants additionally point to Kruger (paragraph bridging 
col. 23 and 24.) where Kruger states "optimal PHA synthesis via de novo fatty acid biosynthesis 
in bacteria and plants comprises at least two genes: PHA synthase (phaC) and phaG (disclosed 
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herein). Methods for incorporating PHA synthesis and other PHA genes (phaA-p-ketothiolase) 
and phaB (D-reductase) genes into transformation and expression vector constructs. . . .are well 
known in the art". Clearly, similar to the disclosure in Madison, Kruger is referring to phaA, 
phaB and phaC when the phrase "PHA biosynthetic genes" is used. The Examiner has provided 
no evidence for the assertion that acyl-Co A transferase/synthetase would be considered "A PHA 
biosynthetic enzyme". Even if the Examiner did, one would still have to select the role of 
thioesterase from the myriad of possible roles suggested for in Kruger for PhaG (discussed 
above) in order to additionally select an acyl-Co A transferase/synthetase activity and arrive at 
the claims. 

Porier in Combination with Kruger 

As discussed above in response to the 102(a) rejection, Poirier does not disclose the 
claimed organisms; Kruger does not make up for this deficiency. The Examiner depended on 
Kruger for disclosing genetically engineered bacteria. However, a combination of Kruger and 
Poirier does not disclose a bacteria or plant comprising transgenes encoding enzymes having the 
catalytic activity of a 3 -hydroxy acyl-ACP thioesterase and acyl-Co A synthetase or acyl Co A 
transferase. 

The prior art considered alone or in combination, does not disclose the need to provide an 
acyl coenzyme A synthetase or acyl Co A transferase in combination with PhaG (known in the 
prior art as an acyl-ACP-CoA transferase - see Yves, page 146, 3.24, or Madison, page 33, left 
col.) organisms so that medium chain length PHA can accumulate. 

Part of the Examiner's allegation of obviousness is based on the Examiner's observation 
that Kruger at column 3, line 46 and in Figure 1, relates thioesterase activity to PhaG. However, 
due to the myriad of infinite possibilities for the function disclosed in Kruger for PhaG, the 
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Examiner is using an improper "Obvious to try rationale", (which invites one to try each of 
numerous possible choices until one possibly arrived at a successful result) in support for the 
obviousness rejection. As stated in the MPEP § 2145(B), "The admonition that 'obvious to try* is 
not the standard under § 103 has been directed mainly at two kinds of error. In some cases, what 
would have been 'obvious to try' would have been to vary all parameters (emphasis added) or 
try each of numerous possible choices until one possibly arrived at a successful result, where the 
prior art gave either no indication of which parameters were critical or no direction as to which 
of many possible choices is likely to be successful". There is no predictability from Kruger to 
the claimed subject matter because there were too many options, and insufficient guidance in the 
prior art. 

This is exactly the case with respect to Rruger. For each of the twelve possible enzyme 
activities disclosed for PhaG from (i) to (iv) above, one would need to provide completely 
different enzyme combinations in addition to PhaG in each case, in order to arrive at PHA (see 
FIG 1 of Kruger); for example, 

if PhaG has the enzyme activity of (i) above, only a PHA synthase is needed; 

if PhaG is (ii), then for each of the three different acyl-group functionalities disclosed in 
FIG 1, either 

(a) a 2,3,-enoyl-CoA D hydratase will be needed in addition to the PHA synthase 

or 

(b) a 3-ketoacyl-CoA reductase in addition to the PHA synthase or 

(c) (3-ketothiolase (phaA) and a 3-ketoacyl-CoA reductase (phaB) in addition to 
the PHA synthase. 
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if PhaG is (iii) above, then an enzymes with ligase activity is needed in addition to a 
phaA, phaB and PHA synthase. 

if PhaG is a ligase (iv), then an enzyme with thioesterase activity is needed in addition to 
phaA, phaB and PHA synthase. 

With respect to (v) above, PhaG might not even have any catalytic activity in the 
pathway shown in Fig 1 of Kruger, but might instead regulate or stabilize an one of the enzymes 
in the pathway. Clearly, attributing a thioesterase activity to PhaG is nothing but an obvious to 
try rationale. 

A reference must be considered as a whole in order to determine what it would convey to 
one of ordinary skill in the art. From the consideration of Kruger as a whole, it is clear that 
Kruger ascribes an (R)-3-hydroxyacyl-CoA ACP transferase activity, since Kruger discloses that 
PhaG and phaC (PHA synthase) are sufficient for PHA synthesis (see from col. 23, line 66, until 
col 24, line 1). See also, the disclosure in Kruger at least at col. 3, lines 21-25. This is 
supported by the discussion of the Kruger studies in Yves (see page 146, 3.2.4). Yves (an 
example of one of skill in the art) discusses the studies in Kruger, stating that PhaG catalyzes the 
conversion of R-3 -hydroxy acyl- ACP to R-3-hydroxyacyl-CoA, the later being the substrate for 
PHA synthase. See also Madison, page 33, left column. Clearly the interpretation of the studies 
patented in Kruger by two separate skilled artisans, supports Apellants assertion that one of 
ordinary skill in the art on considering Kruger as a whole would consider PhaG as an (R)-3- 
hydroxyacyl-CoA ACP transferase catalyzing the conversion of 3-hydroxyacyl-ACP to 3- 
hydroxyacyl-CoA. 
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There is no motivation for one of ordinary skill in the art to combine Poirier and Kruger 
or to modify Kruger, because Kruger teaches away from the claimed organisms 

A reference may be said to teach away when a person of ordinary skill, upon reading the 
reference, would be discouraged from following the path set out in the reference, or would be led 
in a direction divergent from the path that was taken by the Applicant. The degree of teaching 
away will of course depend on the particular facts; in general, a reference will teach away if it 
suggests that the line of development flowing from the reference's disclosure is unlikely to be 
productive of the result sought by the Applicant. See United States v. Adams, 383 U.S. 39, 52, 
148 U.S.P.Q. (BNA) 479, 484, 15 L. Ed. 2d 572, 86 S. Ct. 708 (1966) ("known disadvantages in 
old devices which would naturally discourage the search for new inventions may be taken into 
account in determining obviousness"); W.L Gore & Assoc., Inc. v. Garloclc, Inc., 721 F.2d 1540, 
1550-51, 220 U.S.P.Q. (BNA) 303, 311 (Fed. Cir. 1983) (the totality of a reference's teachings 
must be considered), cert, denied, 469 U.S. 851 (1984); In re Caldwell 50 C.C.P.A. 1464, 319 
F.2d 254, 256, 138 U.S.P.Q. (BNA) 243, 245 (CCPA 1963) (reference teaches away if it leaves 
the impression that the product would not have the property sought by the Applicant). 

Kruger, hypothesizes among an infinite number of possibilities, that PhaG could be an 
acyl-ACP thioesterase; however, further discussion in Kruger would lead a skilled artisan to 
think that the most probable activity for this protein according to Kruger would be a CoA-ACP 
transferase activity {see Kruger, column 3, lines 20-24), since Kruger in Example 10 states that at 
least the PhaG enzyme and PHA synthase would be sufficient for the production of PHAs. This 
implies that the PhaG enzyme is capable of directly converting (R)-3 -hydroxy acyl-ACP 
intermediates to (R)-3-hydroxyacyl-CoA substrates for PHA synthase. This activity has in fact 
been previously demonstrated (see the specification at least from page 2, line 24 until page 3, 
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line 5). Therefore, there would be no motivation for one of ordinary skill in the art to modify the 
disclosure in Kruger to arrive at the claimed organisms and method. In response, the Examiner 
(at page 8, 3 rd para.) stated that the claims do not require that the organism be transformed with 
an acyl-CoA transferase, the claims only require that the organism be transformed with either an 
acyl-CoA synthetase or an acyl-CoA transferase along with a 3-hydroxyacyl-ACP thioesterase. 
Apellants are unclear as to the Examiner's point and it would appear that there is confusion about 
the role of an acyl-ACP-CoA transferase(ascribed to PhaG in the prior art), and acyl-CoA 
transferase recited in the claims. The point here is that if PhaG has the ability to directly transfer 
a coA moiety to the 3hydroxyacyl-ACP intermediates, there would be no need for the acyl-CoA 
transferase activity recited in the claims; thus, one of ordinary skill in the art would not be 
motivated to modify the disclosure in Kruger to arrive at the claims. 

The Examiner has cited a desire to produce PHA in bacteria as motivation to combine 
Kruger and Porier. However, a combination of Kruger and Porier does not arrive at the claimed 
subject matter. Poirier coexpresses a plastidial acyl-ACP thioesterase and a peroxisomal PHA 
synthase to increase accumulation of PHA in developing seeds-the thioesterase which functions 
in the terminal step in fatty acid biosynthesis, is used in Poirier to increase the flux of free fatty 
acids from the fatty acid biosynthetic chain into the PHA biosynthetic pathway. There is no 
motivation for one of ordinary skill in the art to modify the combination of Poirier and Kruger to 
arrive at the claims which require transgenes encoding enzymes with acyl-CoA transferase or 
synthetase activity, because from the disclosure in Kruger a skilled artisan would believe that 
there was no need for an acyl transferase to be engineered into the same organism expressing 
PhaG (PhaG is an acyl transferase according to Kruger), and would not be motivated to do so. 

Clams 3 and 4~ 6 are non-obvious over Kruger and Kruger and Porier 



45071033vl 



29 



MBX041 
077832/00140 



U.S.S.N: 09/991,152 
Filed: November 16,2001 
SUBSTITUTE APPEAL BRIEF 

In addition to the arguments above with respect to claim 1, neither Kruger nor Kruger and 
Porier disclose providing an organism with a transgene encoding any acyl-CoA synthetase, even 
less so a 3-hydroxyacyl-CoA synthetase or the alk gene. Therefore, claims 3 and 4-6 are non- 
obvious over Kruger or Kruger and Porier. 

Claims 13 and 15 are non-obvious over Kruger or Kruger and Porier 
Neither Kruger nor Kruger and Porier disclose providing a construct comprising a 
transgene encoding the catalytic activity of acyl CoA-synthetase or acyl CoA transferase as 
required by the claims. Therefore, claims 13 and 15 are non-obvious over Kruger or Kruger and 
Porier. 

Claims 1648 are non-obvious over Kruger or Kruger and Porier 
Claims 1648 depend from claim 13 and additionally require the construct further 
comprise a transgene encoding a PHA synthase. Neither Kruger nor Kruger and Porier disclose 
a method of providing an organism with gene constructs having three enzyme activities. 
Therefore, claims 16-18 are non-obvious over Kruger or Kruger and Porier. 

Claims 20 and 23-25 are non-obvious over Kruger or Kruger and Porier 
Neither Kruger nor Kruger and Porier disclose a method of making medium chain length 
PHA as claimed, mat requires growing an organism producing PHA and expressing a transgene 
encoding an enzyme having the catalytic activity of 3-hydroxyl-ACP thioesterase and expressing 
one or more transgenes encoding enzymes having the catalytic activity of acyl-CoA synthetase 
or acyl CoA transferase. Therefore, claims 20, and 23-25 are non-obvious over Kruger or 
Kruger and Porier. 
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Claims 22 and 24 are non-obvious over Kruger or Kruger andPorier 
Claims 22 and 24 depend on claim 20 and specifically define the acyl-CoA synthetase as 
3-hydroxyacyl-CoA synthetase. Neither Kruger nor Kruger and Porier disclose a method for 
making medium chain length PHA that involves providing any acyl-CoA synthetase, even less so 
a 3-hydroxyacyl-CoA synthetase. Therefore, claims 22 and 24 are non-obvious over Kruger nor 
Kruger and Porier. 

Claim 26 is non-obvious over Kruger or Kruger andPorier 

Neither Kruger nor Kruger and Porier disclose a method of making PHA in bacteria as 
admitted by the Examiner (page 4 of Examiner's Answer mailed on 10/18/07). Therefore, claim 
26 is non-obvious over Kruger or Kruger and Porier. 

Secondary Considerations of Obviousness 

Secondary considerations to be considered include commercial success, long felt but 
unresolved needs, failure of others, unexpected results, etc. 

The results shown in Example 4 (discussed below) demonstrate success where others 
have failed in using PhaG for the production of PHA in transgenic organisms. 

Yves at least at page 146 (3.2,4) discloses that co-expression of the PHA synthase and 
PhaG did not conclusively lead to PHA accumulation in plant plastids (citing to unpublished 
data by Mittendorf). Of note is the fact that this method of using PhaG is in accordance with the 
disclosure in Kruger i.e. PHA synthase plus PhaG is sufficient (see Kruger, example 10). Thus, 
although there is no data in Kruger showing accumulation of PHA in any organism, the studies 
discussed in Yves demonstrate that at least in plants engineered to express PhaG and PHA 
synthase, PHA does not accumulate. This is confirmed in Example 5 of the present application 
which shows the inability to obtain PHA accumulation in plant chloroplasts, using PHA synthase 



4S071033vl 



31 



MBX 041 
077832/00140 



U.S.S.N: 09/991,152 
Filed: November S 6, 2001 
SUBSTITUTE APPEAL BRIEF 



and PhaG alone. Similar results were obtained with E. coli (see Examples 2 of the present 
application); E. coli strains transfected with a plasmid containing PHA synthase and PhaG alone 
did not accumulate any PHA. However, Example 4 shows the accumulation of PHA in E. coli 
which was additionally transfected with the acyl-CoA synthetase activity of alkK (an example of 
the claimed organism, transformed according to the claimed method). Thus, the claims provide 
genetically engineered organism which express PHA and PHA production using PhaG where 
others have failed. 

From the detailed analysis of the Graham factors discussed above, the Examiner has 
failed to establish a prima facie case of obviousness and claims 1, 3-1 3, 15-20, 22-26, 29 and 30 
are not obvious over Kruger alone or in combination with Poirier. 

(d) Summary and Conclusions 

The four metabolic pathways (the native R. eutropha pathway, the Apellants' engineered 
pathway, the Kruger pathway, and the Poirier pathway) are highly complex and demonstrated by 
the following diagram, showing the four pathways together, demonstrating how they each 
occupy "space" that is separate from the others: 
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(Diagram E) 
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From this diagram it can be seen that all four pathways are distinct from each other. All 
four pathways are capable of eventually making R-3-hydroxyacyl-CoA, from which 
polyhydroxyalkanoate can be made. However, all four reach R-3-hydroxyacyl-CoA in 
completely different ways. Apellants' claims to a three-enzyme transgene system for making 
PHA (dashed circle in lower right) is therefore distinct from that of Kruger (a (probably 
incorrect) two-enzyme system; small dashed oval in middle of diagram), Poirier (which uses 
beta-oxidation to obtain R-3-hydroxyacyl-CoA; dashed oval in lower left), and the native J?. 
eutropha system (which uses a thiolase and a reductase; large dashed oval at upper left). The 
claims are therefore novel over Poirier. 

Kruger, alone or in combination, cannot render obvious the subject matter of Apellants' 
claims, because this reference fails to disclose that in addition to PhaG, either an acyl-CoA 
synthetase or an acyl-CoA transferase is required to make PHA. As disclosed by Apellants, 
providing PhaG is not enough. The Kruger reference neither supplies the missing elements of 
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Apellants' claims nor provides any suggestion or guidance as to how its teachings can be 
modified to provide the subject matter of the present claims. Pokier fails to make up for this 
deficiency. Therefore the claims are non-obvious over Kruger, Porier or Kruger in combination 
with Kruger. 

Accordingly, claims 1, 3-13, 15-20, 22-26, 29 and 30 are novel and non-obvious over 
Poirier, Kruger alone or Kruger in combination with Poirier. 



Respectfully submitted, 
/Patrea L. Pabst/ 
Patrea L. Pabst 
Reg. No. 31,284 

Date: September 10, 2008 

PABST PATENT GROUP LLP 
400 Colony Square, Suite 1200 
1201 Peachtree Street 
Atlanta, Georgia 30361 
(404) 879-2151 
(404) 879-2160 (Facsimile) 
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Claims Appendix: Claims On Appeal 

1. A genetically engineered organism selected from the group consisting of bacteria and 

plants producing polyhydroxyalkanoate (PHA), 

the improvement comprising providing the organism with a transgene encoding an 
enzyme having the catalytic activity of 3 -hydroxy acyl-ACP thioesterase and one or more 
transgenes encoding enzymes having the catalytic activity of acyl-CoA synthetase or acyl CoA 
transferase so that medium chain length PHA accumulates through the fatty acid biosynthesis 
pathway. 

3. The organism of claim 1 wherein the acyl-CoA synthetase is 3-hydroxyacyl-CoA 
synthetase. 

4. The organism of claim 1 comprising a transgene alkK encoding an acyl-CoA 
synthetase. 

5. The organism of claim 1 expressing a heterologous 3-hydroxyacyl-CoA synthetase 
activity. 

6. The organism of claim 1 expressing a heterologous 3-hydroxyacyl-CoA synthetase 
activity. 

7. The organism of claim 1 wherein the enzyme is modified to enhance expression in the 

genetically engineered organism. 

8. The organism of claim 1 expressing an enzyme selected from the group consisting of 
3-hydroxyacyl-ACP thioesterase, medium chain length PHA synthase, and medium chain length 
3-hydroxy fatty acid acyl CoA synthase, wherein the organism is a plant cell, plant tissue, or 
whole plant. 
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9. The organism of claim 8 further expressing selectable marker genes, wherein the 

organism is a whole plant. 

10. The organism of claim 1 expressing an enzyme selected from the group consisting of 
3-hydroxyacyl-ACP thioesterase, a PHA synthase that incorporates medium chain length 
hydroxy acids, and medium chain length 3-hydroxy fatty acid acyl CoA synthetase, wherein the 
organism is a bacteria. 

11. The organism of claim 8 wherein expression of the transgene is targeted to a tissue or 
organelle selected from the group consisting of seeds, leaf, plastids, and peroxisomes. 

12. The organism of claim 10 wherein the bacteria is E. coli and PHA accumulates 
within the bacteria. 

13. A method of engineering a PHA biosynthetic pathway in a transgenic organism 
selected from the group consisting of bacteria and plants which produce polyhydroxyalkanoate 
(PHA), 

the improvement comprising providing the organism with one or more constructs 
comprising a transgene encoding an enzyme having the catalytic activity of 3-hydroxyacyl-ACP 
thioesterase and one or more transgenes encoding enzymes having the catalytic activity of acyl- 
CoA synthetase or acyl CoA transferase so that medium chain length PHA accumulates through 
the fatty acid biosynthesis pathway. 

15. The method of claim 13 wherein the construct comprises a transgene encoding a 3- 

hydroxy acyl-CoA synthetase. 

16. The method of claim 1 5 wherein the construct further comprises a transgene 



encoding a PHA s 

17. The method of claim 16 wherein the organism is a plant. 
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18. The method of claim 16 wherein the construct expresses an enzyme selected from the 
group consisting of 3-hydroxyacyl~ACP thioesterase, medium chain length PHA synthase, and 
medium chain length 3-hydroxy fatty acid acyl CoA synthase, wherein the organism is a plant 
cell, plant tissue, or whole plant. 

19. The method of claim 16 wherein the construct expresses an enzyme selected from the 
group consisting of 3-hydroxyacyl-ACP thioesterase, a PHA synthase that incorporates medium 
chain length hydroxy acids, and medium chain length 3-hydroxy fatty acid acyl CoA synthetase, 
wherein the organism is a bacteria. 

20. A method of making medium chain length PHA comprising growing a transgenic 
organism selected from the group consisting of bacteria and plants, the organism producing 
polyhydroxyalkanoate (PHA) and expressing a transgene encoding an enzyme having the 
catalytic activity of 3-hydroxyacyl-ACP thioesterase and expressing one or more transgenes 
encoding enzymes having the catalytic activity of acyl-CoA synthetase or acyl CoA transferase, 
with substrates for fatty acid biosynthesis. 

22. The method of claim 20 wherein the acyl-CoA synthetase is 3-hydroxyacyl-CoA 
synthetase. 

23. The method of claim 20 wherein the organism further express a PHA synthase. 

24. The method of claim 22 wherein the organism further express a PHA synthase. 

25. The method of claim 24 wherein the organism expresses an enzyme selected from 
the group consisting of 3-hydroxyacyl-ACP thioesterase, medium chain length PHA synthase, 
and medium chain length 3-hydroxy fatty acid acyl CoA synthase, wherein the organism is a 
plant cell, plant tissue, or whole plant. 
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26. The method of claim 24 wherein the organism expresses an enzyme selected from 
the group consisting of 3-hydroxyacyl-ACP thioesterase, a PHA synthase that incorporates 
medium chain length hydroxy acids, and medium chain length 3 -hydroxy fatty acid acyl CoA 
synthetase, wherein the organism is a bacteria. 

29. The organism of claim 10 wherein the bacteria is E. coli, the bacteria expresses 3- 
hydroxyacyl-ACP thioesterase and wherein 3 -hydroxy acids are secreted into the culture 
medium. 

30. The method of claim 13, wherein the bacteria is E. coli, the bacteria expresses 3- 
hydroxyacyl-AC P thioesterase and wherein 3 -hydroxy acids are secreted into the culture 
medium, further comprising collecting the 3-hydroxy acids from the medium. 
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Evidence Appendix 

L Evidence submitted with Information Disclosure Statement filed on May 8, 2002. 

Madison and Huisman, Microbiol and Mol Biol Rev., 63(l):21-53 (1999). 

Rehm, etal, J. Biol Chem., 273(3 7):24044-24051 (1998) 
II. Evidence submitted with Response filed on July 10, 2008. 

Poirier, Progress Lipid Res. 41:131-155 (2002) 

Wilcipedia "Posttranslation Modification" 
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Related Proceedings Appendix 
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